Abstract: Elmissikat-Eleridiya district is one of the most important uranium localities in the central Eastern Desert of Egypt. The feature oriented principal component selection (FPCS) and spectral angle mapper (SAM) techniques were applied on ASTER L1B imagery for mapping the common alteration zones. The study revealed that ASTER VNIR-SWIR bands are effectively used for delineating sericite, kaolinite, chlorite, illite and hematite bearing alteration zones, whereas ASTER TIR bands are most effective in delineation of silica-rich zones, which associate and could be used as pathfinder for radioactive mineralization within the study area. The resultant alteration maps show good coincidence with the explored uranium sites and suggest further similar unexplored sites. The results could assist the development of uranium exploration in the study area and other similar localities within the Egyptian deserts.
INTRODUCTION
The Egyptian basement complex has been discussed according to the plate tectonics theory [1] [2] [3] [4] [5] [6] [7] [8] . Church [9] represented the evolution of the Pan-African in the Eastern Desert of Egypt through a complex sequence of events including the formation of one or several rift zones propagated within a more intracontinental crustal evolution like the Appalachian and Hercynian systems of Western Europe and Northern America.
Granitic rocks occupy about 60 % of the total basement terrain of the Nubian Shield in Egypt [3] . The granites are the sole possible source for all uranium ore deposits in the Eastern Desert of Egypt. So the study of granites is very important to identify the type favorable for forming uranium ore deposits. According to their relative ages granitic rocks in Egypt have been divided into older and younger granites [10] . Elmissikat-Eleridiya younger granite is one of the most important promising anomalous radioactive zones in the central Eastern Desert of Egypt.
The advanced space-borne thermal emission and reflection radiometer (ASTER) was launched on board NASA's Terra spacecraft in December 1999. It covers a wide spectral region with 14 bands from the visible to the thermal infrared with high spatial, spectral and radiometric *Address correspondence to this author at the Research Sector, Nuclear Materials Authority (NMA), Cairo, Egypt; Tel: +2 0111 025 9784; +2 0106 9419293; E-mail: m.shegazy@hotmail.com
resolution. An additional backward-looking near infrared band provides stereo coverage. The spatial resolution varies with wavelength: 15 m in the visible and near infrared (VNIR), 30 m in shortwave infrared (SWIR), and 90 m in thermal infrared (TIR). The minimum revisit time interval over any given site is 16 days. Each ASTER scene covers an area of about 60 x 60 km ( Table 1) . The most used ASTER data product is Level 1B (radiance at sensor). Higher-level data products are produced on demand and include surface radiance corrected for atmospheric effect (2B01), surface reflectance and emissivity (2B05 and 2B04) and surface kinetic temperature (2B03). Several papers discussed the usage of ASTER data as a powerful tool for lithologic mapping and delineation of hydrothermal alteration [11] [12] [13] [14] .
The main objective of this paper is to map the alteration mineralization and/or zones as pathfinders for uranium mineralization within Elmissikat-Eleridiya younger granite that may assist in developing a uranium exploration program using ASTER imagery. This will be used as a guide for further follow-up radioelement exploration work.
GEOLOGIC SETTING
Elmissikat-Eleridiya district represents an important example of younger granites within the Arabian Nubian Shield. It lies in the central Eastern Desert of Egypt south Qena-Safaga asphaltic road just east the boundary between the basement hills and the sedimentary cover. The study area is located between latitudes 26° 18' N and 26° 32' N and longitudes 33° 20' E and 33° 30' E covering a total exposure surface area of about 433 km 2 . Generally, the area is characterized by rugged topography with moderate to high relief and comprises different rock types including metavolcanics, older granitoids (quartz diorite and granodiorite), younger granites (monzogranite and syenogranite), sandstones and wadi deposits. False color combination of ASTER bands 9, 8, 1 in red, green and blue channels, respectively ( Fig. 1) has the highest optimum index factor (OIF) and clearly identifies the main rock units. Panchromatic images, field geologic studies and previous works [5, 15] helped in preparing a detailed geologic map ( Fig. 2 ) of scale 1:50,000.
Airborne gamma ray spectrometry revealed that the syenogranitic bodies have the highest radioactivity related to shear zones. These shear zones are usually filled with siliceous veins and veinlets showing white (milky quartz), black (smoky quartz) and red (red jasper) colors and abnormal radioactivity with visible uranium mineralization. Both the jasper and quartz veins are not equally distributed so they are denser and closely spaced in the northern granitic mass of G. Elmissikat than those at the southern mass of G. Eleridiya.
Several zoned and unzoned oval-shaped and/or elongated pegmatites were recorded. They are mainly composed of quartz and K-feldspars with traces of iron oxy-hydroxides, mica, green to violet fluorite and jasper. Along shear zones, their walls are stained with variable colors according to alteration products. The reddish brown colors are due to hematitization, faint greyish green to whitish buff color are due to kaolinization and sericitization, whereas yellowish to dark green coloration is due to epidotization and chloritization.
MATERIALS AND METHODS
ASTER L1B product is a registered radiance at sensor data. So, several pre-processing techniques were applied on subset data covering the study area to be suitable for further image processing techniques. These pre-processing techniques include cross-talk correction of ASTER-SWIR bands, layer stacking of VNIR-SWIR bands in unique nine bands data-cube, and orthorectification of data using SRTM topographic data. Moreover, converting pixel radiance at sensor into reflectance at surface data using fast line of sight atmospheric analysis of spectral hypercubes (FLAASH) module of ENVI software and thermal atmospheric correction of ASTER-TIR emittance bands were applied. The feature oriented principal component selection (FPCS) and spectral angle mapper (SAM) are the main image processing techniques applied during the present study. 
Feature Oriented Principal Component Selection (FPCS)
Multispectral images often have similar visual appearance for different bands, which cause data redundancy (high correlation between spectral bands). Principal component analysis (PCA) is a general method of analysis by mathematical transformation of the original data which are arranged according to the axis of greatest variability for creating new non-correlated components. Therefore, PCA displays the maximum contrast from several spectral bands with just three primary display colors [16] . The number of output PCs is the same as the number of the input spectral bands. PC1 concentrates features common to all input bands (usually topography) and often displays important structural information. PC2 is orthogonal to PC1 in n directional space and highlights the spectral differences between visible and the infrared spectral bands. PC3 includes the third most variability and is orthogonal to the other two PCs.
As a PC is a linear combination of the original spectral bands, so its relationship to the original spectral signatures of targets is not obvious, so we used the feature-oriented principal component selection (FPCS) method for color composition [17] . The method comprises examination of the eigenvectors to identify the contributions from original bands (-ve or +ve) to each PC to select specific PCs for displaying and concentrate the desired spectral features by highlighting them as bright or dark pixels based on their respective eigenvector values magnitudes and signs (-ve eigenvector value indicates absorption while +ve ones mean reflectance).
This technique was used for mineral exploration on four and six selected bands of Landsat TM data [17] [18] [19] [20] [21] and on ASTER data [22] .
According to the alteration products found in the study area through field, petrographic and spectrometric examinations, we select the following dominant alteration minerals: silica (opal and jasper), chlorite, kaolinite, illite and hematite. For assessing the feature oriented principal component selection (FPCS) input bands, the USGS library spectra of these minerals besides quartz were superimposed on ASTER data band intervals in the VNIR-SWIR (0.4 µm -2.5 µm). Also, the Johns Hopkins University (JHU) spectral library was used for TIR (8 -12 µm) spectral regions (Figs.  3, 4) . Studying these charts helped in the selection of the four bands as input for the FPCS ( Table 2) .
Spectral Angle Mapper (SAM)
Spectral angle mapping (SAM) technique suggested by Kruse, et al. [23] , is a supervised classification depends on the angles between image pixel spectra and training data (ROIs) or library spectra of selected end-members. The algorithm determines the similarity between two spectra by calculating the spectral angle between them (Fig. 5) .
According to vector algebra, the angle between two vectors r and t is defined as:
where m is the number of spectral bands and the value range of α is 0 -π The SAM output is a classified image whose pixel values represent the alpha (α) angle in radians, which is measured Fig. (3) . The USGS library spectra of the studied minerals superimposed on ASTER data band intervals in the VNIR-SWIR region.
from the reference spectrum for each class, this is besides a set of rule images is produced (one per end-member), which is inversely related to the degree of spectral similarity calculated by SAM. These rule images could be used to produce RGB false color composites in order to highlight the surface distribution of hydrothermal alteration zones. Spectral angle mapping was applied on the normalized spectral data of the selected hydrothermal alteration minerals (sericite, chlorite, hematite, illite, kaolinite and quartz) from NASA's Jet Propulsion laboratory (JPL) and Johns Hopkins University (JHU) spectral libraries then resampled to ASTER spectral resolution (Fig. 6) . The applied maximum angles for ASTER VNIR-SWIR and ASTER-TIR bands are listed in the (Table 3) , and were selected according to field determinations, and used as threshold spectral angle of each end-member mineral; as lower spectral angles represent better matches to the end-member spectra [24] .
RESULTS

Feature Oriented Principal Component Selection (FPCS)
Kaolinite: Mapping of kaolinite is carried out using ASTER bands 3, 7, 6 and 9 in VNIR-SWIR spectral region and bands 11, 14, 12 and 13 in TIR. This is based on its high reflectances within bands 3, 7, 11 and 14, and low reflectances within bands 6, 9, 12 and 13. Entering these selected bands in a principal component analysis process produced four PCs for VNIR-SWIR bands and other four for thermal emissivity bands. The resultant eigenvector values statistics of both selected groups are summarized in (Table 4a and b) .
Eigenvector statistics of input VNIR-SWIR bands reflects that PC3 shows a high negative loading from band 6 (-0.795) and a high positive loading from band 9 (0.576) this indicates that kaolinite mineralization will appear as bright pixels as the high negative loading matched with absorption feature at band 6, while the high positive loading matches with reflectance feature at band 9. Thresholding process was carried out on PC3 to exclude kaolinite lower concentrations by using the following equation:
Band DN Threshold = Mean + 2*(Standard deviation) =137.40 + 2*(53.67) = 244.74 equation (1) Fig. (4) . The JHU library spectra of the studied minerals superimposed on ASTER data band intervals in the TIR region. The resulted image (Fig. 7a) shows the kaolinite mineralization anomalies as red pixels. On the other hand, the eigenvector statistics of input thermal bands revealed that PC3 has a high negative loading from band 13 (-0.825) and high positive loading from band 14 (0.511); this suggests that kaolinite mineral will appear as bright pixels in PC3. After thresholding DN values (threshold DN value = 233.33) kaolinite will represented by red pixels (Fig. 7b) . The resulted kaolinite anomalies form FPCS on selected VNIR-SWIR bands are most abundant and clearer than that of thermal emissivity selected bands. This is due to the high spatial resolution of VNIR-SWIR bands compared with noisy coarse resolution in thermal emissivity bands.
Chlorite:
As chlorite has a remarkable high reflectance in bands 1 and 5 besides low reflectances in bands 2 and 8 in the VNIR-SWIR spectral region; these four bands are used as input bands in FPCS process producing four PCs with Fig. (6) . Resampled to ASTER end-member minerals spectra used in SAM classification using JPL spectral library for VNIR-SWIR spectral region (left) and JHU spectral library for TIR one (right). Dotted lines represent ASTER bands wavelength centers. (Table 5a ). PC4 has high opposite signed loadings for band 2 (-0.713) and band 1 (0.606), so chlorite will appear as bright pixels. After thresholding DN value (= 231.42), the resultant image represents chlorite mineral as green (Fig. 8a) . On the other hand, the same operations were carried out on the thermal emissivity bands using highly emittance bands 12 and 13 besides low emittance bands 11 and 14 as input bands. The following (Table 5b ) represent the resulted PCs besides the eigenvector statistics in which PC3 has high negative loading in band 13 (-0.825) and a low positive loading in band 14 (0.511). This suggests the presence of chlorite as dark pixels. Negation, resampling to gray scale 8-bit and thresholding DN values (threshold DN value = 240) represent chlorite as green pixels in the PC3 image (Fig. 8b) .
Illite: Illite has a characteristic spectral signature in VNIR-SWIR spectral region with high reflectance at bands 1 and 7 besides high absorption at bands 6 and 8. So, these four bands were entered in FPCS as input data producing four PCs where their eigenvectors are shown in (Table 6 ). There are two opposite signed loadings within PC4 in band 7 (-0.795) and in band 8 (0.571). The negative sign of band 7 (whose high reflectance) and positive sign of band 8 (whose high absorption suggest that illite will appear as dark pixels in PC4 image. Applying negation, resampling and thresholding PC4 DN values (= 246.53) resulted in mapping illite mineral as blue pixels in (Fig. 9) . As illite does not imply characteristic features in TIR region, so, FPCS could not be applied.
Hematite:
The high reflectance of hematite at bands 5 and 8 compared to the low reflectance of bands 3 and 6 led to using these bands as input bands in FPCS process and producing four PCs ( Table 7) . PC4 has a strong negative loading with band 5 (-0.655) and a strong positive loading with band 6 (0.747); this indicates that hematite will appear as dark pixels in PC4 image. Resampling PC4 DN values then thresholding it (thresholding value = 231) to neglect lower hematite concentrations produced an image on which hematite is mapped as red pixels (Fig. 10) .
As illite, hematite lacks distinct spectral features in ASTER-TIR region; so, Crosta FPCS technique was not applied here.
Silica: Silica (quartz) has no significant spectral signature in VNIR-SWIR region where it has characteristic emissivity values within the TIR spectral region. Under most conditions, the infrared portion can be used to calculate emissivity using Kirchhoff's Law (E=1-R), i.e. highs in the reflectance (R) spectra from the spectral library can be considered equivalent to lows expected in emissivity (E) spectra [24] , hence the emissivity curve of massive quartz indicates clear absorption at band 10, band 12 and indicates clear reflection spike at band 11 on the contrary. In band 13 and band 14 spectral ranges, it is changing to higher emissivity value. These five thermal bands are used as input data in Crosta technique producing their own PCs and eigenvectors ( Table 8 ) which reveals that the PC1 is composed of positive loadings of all total bands and has 96.59% (eigenvalue) of the spectral information. To enhance quartz-rich rocks we select PC5 as it has high negative loading at band 12 (-0.493) and high positive loading at band 11 (0.794) hence the quartz anomalies will appear as bright pixels in PC5 image. Thresholding DN values (thresholding value = 231.51) for neglecting lower concentrations gives quartz anomalies as cyan areas (Fig. 11) . PC3 may be informative to differentiate quartz-rich rocks as grayish and dark pixels as it contains high negative loading in band 13 (-0.781) and a positive loading in band 10 (0.355). Fig. (10) . Resulted PC1 hematite image using FPCS (Crosta) technique for the input VNIR-SWIR bands applied on ElmissikatEleridiya syenogranite. Red pixels represent Hematite anomalies. 
Spectral Angle Mapper (SAM)
SAM classification method succeeded in determining the alteration minerals both in VNIR-SWIR and TIR spectral regions with different magnitudes of accuracy. The ability of this method is directly affected by the spectral and/or spatial resolution. A good detection at minor maximum angle (α) of VNIR-SWIR nine bands with finer spatial resolution (pixel size about 30 x 30m) when compared with that of TIR five bands with coarse spatial resolution (pixel size about 90 x 90m) has been recorded. An additional important factor is the specific spectral characteristics of each end-member within the spectral region. This is clearly found with quartz (tectosilicate) which has been detected in TIR region more accurately than in VNIR-SWIR as silica implies a distinctive high emittance in ASTER-TIR band. (Figs. 12a, b, 13a, b,  14a, b, 15a, b, 16a, b, 17a, b) represent the separated sericite, kaolinite, chlorite, illite, hematite and quartz endmembers respectively after SAM classification carried out on VNIR-SWIR stack and on TIR stack.
CONCLUSIONS
The feature oriented principal component selection (FPCS) technique succeeded in highlighting characteristic spectral features of the common alteration minerals associating radioactive mineralization in ElmissikatEleridiya district. It maps kaolinite and illite using ASTER VNIR-SWIR-TIR data, illite and hematite using ASTER VNIR-SWIR data, and silica using ASTER-TIR according to the specific absorption features of each mineral. 
